The correct and proper selection of coolant and lubricant fluids in the dimension hard rocks' cutting process is one of the most important factors in the improvement of the cutting process, and in the increase of economic efficiency and quality of stone production. Therefore, this present study aims to study the role of coolant and lubricant fluids in the cutting performance of dimension hard rocks. In this study, 10 granite stone samples were collected from Iranian quarries and their physical and mechanical properties including their uniaxial compressive strength, Mohs hardness, Schimazek's F-abrasiveness factors and Young modulus were measured and determined. According to the three types of coolant and lubricant fluids, including the two types of soap water with ratios of 1 to 40 and 1 to 20 and one type of lubricant and coolant powder, and using two different operational parameters such as feed rate (Fr) and depth of cut (Dc), 160 laboratory tests for each of these fluids were studied and measured in order to determine the maximum electrical current consumed by the machine. The obtained results were statistically and intelligently evaluated and analyzed through the radial basis function (RBF). Based upon the results obtained from both the analytical methods, the lubricant and coolant powder with ratios of 1 to 20 had the maximum and minimum effects on the reduction of the maximum consumed electrical current in the hard rocks' cutting process.
Introduction
Significant growth in the construction industry has increased the application of dimension stones and investment in this industry. Investors in sectors of quarries and rock cutting factories look for ways to reduce expenses and enhance the quality. Therefore, the reduction of energy consumption and improvement of the cutting process as the most influential factors in increasing the efficiency are the most important concerns of investors in the sectors of quarries and dimension stones. Thus, proper identification and understanding of the cutting process can have a key role in increasing the efficiency and quality of the processed product (Careddu et al., 2017a; Careddu et al., 2017b; Mikaeil et al., 2018a) . In the cutting process, various factors influence the performance of cutting devices and the machine's consumed power. Coolant fluids and lubricants are two of the most effective factors in the cutting process, and selecting the proper type of these fluids can lead to a reduction in the consumed energy, improvement of the cutting process, and an increase in the quality of stone and longevity of the cutting device. In fact, coolant fluids and lubricants help mitigate thermal tensions. Inappropriate tension in the cutting process causes power fluctuations and chips which are the main factors in energy loss in the cutting process. Various studies have been conducted for reviewing the consumed electrical current and increasing the efficiency in the stones' cutting process ( . In a study conducted by Ucun et al., alternative fluids for water in the natural stones' cutting process were investigated. In their study, water, AceCool, boron oil and liquid soap were used as coolant fluids, and two different natural stones were evaluated. The results obtained from this research showed superiority of other fluids over water in the cutting process, and in the meantime, a mixture of water and boron oil had the highest effect in increasing the efficiency of the cutting process (Ucun et al., 2012) . In another study conducted by Mikaeil et al., using the harmony search algorithm (HAS), the cutting performance of the diamond wire saw was evaluated. In their study, the cutting performance was evaluated using the wear rate of the diamond wire saw. The final results indicated that the harmony search algorithm had a high capability in the identification of the cutting process and evaluation of the diamond wire saw's cutting performance (Mikaeil et al., 2016) . In the study of Bai et al., using the integration of two distinctive multiple attribute decision making (MADM) techniques, the most appropriate cutting fluid was rated as the cleaner production. These research studies have been conducted on granite samples and finally the obtained results showed that the proposed decision method was used in the codification of instructions for proper selection of the cutting fluid as the cleaner production (Bai et al., 2018) . A study was conducted by Mikaeil et al. for anticipating the performance of the cutting process based on the wear rate using techniques such as the adaptive neuro-fuzzy inference system (ANFIS) and a group method of data handling a type of neural network. Experiments were conducted on 38 stone samples extracted from Turkey quarries. The obtained results showed that the ANFIS-subtractive clustering method had the most capability in the performance evaluation of the diamond wire saw's cutting process in comparison to other methods (Mikaeil et al., 2018b) . In the study of Dormishi et al., the cutting process was evaluated based on the anticipation of the maximum electrical current consumed by the cutting machine. The intelligent models of ANFIS-PSO and ANFIS-DE were used to provide a model and predict the consumed electrical current in order to evaluate the cutting performance. The result obtained from the research showed that intelligent techniques had a high ability to identify the cutting process and provide a dynamic model for anticipating the electrical current consumed by the cutting machine (Dormishi et al., 2018). In the study of Mikaeil et al., to evaluate and understand the cutting process of the circular saw machine, two soft computing methods including the imperialist competitive algorithm and the fuzzy clustering technique were used. In this study, 12 dimension stone block samples were used. The obtained results indicated the superiority of the imperialist competitive algorithm over the fuzzy clustering technique in understating and evaluating the performance of the machine based on the hourly production rates (Mikaeil et al., 2018c) .
It is worth mentioning that although various studies were conducted for evaluating and investigating the cutting process and the electrical current consumed by the cutting machine, few studies addressed the effect of the coolant and lubricant fluids on the improvement of the cutting process and the reduction of the electrical current consumed by the cutting machine. The effect of the lubricant fluid on the cutting process is undeniable and through serious and planned studies, it is possible to achieve significant savings in energy consumption and cutting devices in the stone cutting industry. Thus, based upon the importance of the situation, in this study, first the laboratory sampling and investigation of the samples are addressed. Then, according to the three types of coolant and lubricant fluids, including the two types of soap water with ratios of 1 to 40 and 1 to 20 and one type of lubricant and coolant powder and with two different operational parameters such as the feed rate (Fr) and depth of cut (Dc), 160 laboratory tests are conducted for each fluid in order to measure the electrical current consumed by the cutting machine. Finally, results are evaluated through analytical-statistical methods, including multivariate linear regression and the radial basis function (RBF) and the effect of each of the coolant and lubricant fluids on the performance of the cutting process is considered according to the consumed electrical current.
Case Study
In this study, 10 granite stone samples were collected from Iranian quarries, respectively, including Khorram Dareh granite, Birjand Gangali green granite, Naein Shadab green granite, Birjand Kahooei green granite, Natanz white granite, Nehbandan white granite, Isfahan red granite, Yazd red granite, Mashhad pearl granite, and Chayan black granite. In the next step, the collected samples were prepared for laboratory experiments and four physical and mechanical parameters of stones, including the uniaxial compressive strength, Mohs hardness, Schimazek's F-abrasiveness factors and Young modulus were tested and measured. In the final step, for measuring the maximum electrical current consumed by the disk cutting machine, three types of coolant and lubricant fluids were used, including two types of soap water with ratios of 1 to 40 and 2 to 20, and one type of lubricant and coolant powder, respectively. Table 1 and Figure 1 show the properties of fluids and the disk cutting machine used in this study, respectively. There are a lot of key purposes for using coolant and lubricant fluids such as coolant of the work and tool; enhancing dimensional stability (Boubekri & Shaikh 2015) . In this study, a major contribution of using these fluids is the investigation of the relationship between coolant and lubricant fluids and the maximum electrical current consumption. According to Table 1, the three types of coolant and lubricant fluids, namely the two types of soap water with ratios of 1 to 40 and 1 to 20 and one type of the lubricant and coolant powder were considered based upon the experiences of the research team and the common and available fluids on the market and industry.
In the cutting process, the two different operational characteristics of the cutting machines, namely Fr (feed rate) and Dc (depth of cut) are often considered as a pair, because of their combined impact on the cutting process. Hence, according to two different operational characteristics of the cutting machines including Fr and Dc, the cutting machine conducted the experiments under different operational conditions with various depths of cutting of 0.5, 0.7, 1 and 1.3 (Cm) and different feed rates of 45, 60, 75 and 90 (cm/min) with a fixed rotation of 3400 (round/min) of the disk, and for each fluid, 160 tests were conducted, and a total of 480 tests were performed for the three fluids. In addition, some important experimental parameters were the diameter and width of the disc, which equal 25 (Cm) and 5 (mm), respectively. There were 18 diamond segments, each with a size of 35 (mm) × 2.5 (mm) × 6.0 (mm). A maximum spindle motor power of 4 (kW) was used. The specimen dimensions were 40×40×2 (Cm), and the cutting length was considered 40 (Cm). Also, the coolant flow was water. In all cases, the maximum electrical current consumed by the machine during the cutting process was measured and recorded by an exact ammeter (considering the recording of changes in the machine's input current). It is worth noting that all of these experiments were done in the rock mechanic laboratory of Shahrood University of Technology and based on the ISRM international standards (ISRM 1981). The physical and mechanical characteristics and test results of one specific operating condition are shown in Table 2 . In Figure 2 , some prepared samples for testing are shown.
Statistical Analysis
One of fundamentals of any scientific study is the correct scientific research data process. There are different methods for the descriptive and statistical analyses among which the multivariate linear regression is one of the most complicated statistical techniques in the analysis, description and process of data and provision of a highly precise prediction model. Therefore, in this study, the application of the multivariate linear regression method for data analysis is addressed, and a model with a high ability in the prediction of the consumed electrical current is proposed. Before conducting the regression analyses for the data, it is necessary to study the parametric correlation of every independent variable (Ivšinović 2018; Feng et al., 2018) . In this study, in order to study the parametric correlations of 6 input data (independent variables), although, there are some approaches to determine the correlation coefficient, based upon the number of data set and a measure of the linear correlation between two variables, the Pearson method is used. Equations 1 to 4 show the mathematical relations of the Pearson correlation coefficient.
(
While the Pearson correlation coefficient is determined by r or p. x and y are two independent parameters, respectively which are in the interval of 1+ and 1-. A negative sign shows a reverse relation and a positive sign indicates a direct relation between the two independent parameters. For interpreting the correlation between these two independent parameters, the absolute value of these coefficients are used. The closer these correlation coefficients are to unity, the higher the correlation, and the closer these correlation coefficients are to zero, the lower the correlation between these two variables. The Pearson correlation coefficient is also called the Pearson product-moment correlation coefficient or the bilateral correlation coefficient. After measuring the data obtained from the laboratory experiments, in the first step, using the statistical package for social sciences (SPSS), data was studied for the purpose of the Pearson correlation coefficient analysis and study in order to determine the adaptability of the independent variables, including four mechanical and physical parameters including the uniaxial compressive strength, Mohs hardness, Schimazek's F-abrasiveness factors and Young modulus and two operational parameters of the machine, including Fr and Dc. The results are shown in Table 3 .
The important point in the study of the p value is that if |ρ| > 0.85, then the correlation is considered to be strong, which according to the results obtained from Table 3, the ρ value is acceptable for all the cases. Although the ρ value between USC and YM is equal to 0.855, considering the nature of these parameters, this value can be ignored, and all of the independent parameters have a desired and proper correlation in order to study the dependent variable. Furthermore, the ρ value between the stones' physical and mechanical independent variables and the machine's operational parameters obviously confirm that these 6 parameters have enough significance and desirability for analyzing and studying data by using the multivariate linear regression technique.
Multivariate Linear Regression
As mentioned before, the multivariate linear regression technique is one of the most appropriate methods in data analysis and provision of a proper model for predicting data. In this step, considering different electrical current obtained from the experiments using three different types of fluids, one prediction model was provided for each model, and the related analyses were done. For the entry of independent variables, "the enter method" was used because in this method, all of the independent variables were simultaneously entered in the model to determine the effect of all of the significant and non-significant variables on the dependent variable. Table 4 shows the values obtained from these analyses.
Where, the Std.Error of estimate shows the prediction power of the regression equation which is acceptable for all of the three models according to the results of Table  4 . The f value shows whether the obtained regression model is a good model or not, and is equal to dividing the average regression squares by the means residual squares. In fact, this parameter shows the ability of the independent variables in explaining the dependent variable, which in all of the three models, the obtained f value shows the efficacy and ability of variables in describing the maximum consumed electrical current as the dependent variable. Additionally, the beta parameter determines the relative proportion of each dependent variable in specifying the changes in the dependent variable. For example, Dc as one of the 6 dependent variables in this study with values of 0.797 and 0.706 had the highest effect on the maximum consumed electrical current (the dependent variable) in models 1 and 2, respectively. This means that by increasing or reducing one standard deviation, the standard deviation of the maximum consumed electrical current (the dependent varia- 
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The Mining-Geology-Petroleum Engineering Bulletin and the authors ©, 2019, pp. 13-25, DOI: 10.1177/rgn.2019.2.2 ble) in model 1 was increased or reduced to the value of 0.797, respectively. The beta value for UCS as another dependent variable in model 1 was equal to -0.037, meaning that UCS had a negative and reverse effect on the maximum consumed electrical current in model 1. It is worth mentioning that the more independent the value of the beta coefficient is, the greater its role in changing the dependent variable. According to the results of Table  4 , equations 5 to 7 calculated the multivariate linear equation for anticipating the maximum electrical current consumed by the machine for the two types of soap water with ratios of 1 to 40 and 2 to 20, and one type of lubricant and coolant powder, respectively.
According to the value R 2 obtained for each model, it is completely clear that the second model with a value of R 2 =0.863 has a better prediction power compared to the two other models. In addition, Figure 3 shows the regression diagram between the maximum consumed electrical current measured and predicted. According to the results of Table 4 and Figure 3 , it is completely clear that the maximum consumed electrical current when using the lubricant and coolant powder as the coolant and lubricant fluids in the cutting machine was reduced and this fluid as an influential and desired factor could play an effective role in the reduction of energy consumed by the machine.
Radial Basis Function (RBF) Neural Networks
In the area of computational intelligence, there are numerous efficient and intelligent methods and optimizations for solving complicated and dynamic problems such as heuristic and meta-heuristic algorithms, fuzzy logic, and artificial neural networks which are undoubtedly the most important components in the computational intelligence of artificial neural networks (Fathabadi & Khodaei, 2012 . The wear rate of a diamond wire saw was studied by Mikaeil et al. using artificial neural networks. In their study, the wear rate of a diamond wire saw was investigated for 38 different rocks including andesites, limestones and real marbles from quarries located in eleven areas in Turkey. Their obtained results showed the efficiency of artificial neural networks in providing an optimized model for predicting the wear rate (Mikaeil et al., 2017) . In the study of Mohammadi et al., a neural model was proposed for anticipating the production rate of a chain saw machine using the Perceptron multilayer neural networks. By conducting 98 laboratory tests on the stone samples extracted from Iranian quarries, 4 measured parameters including uniaxial compressive strength (UCS), Los Angeles abrasion (LAA) Test, equivalent quartz content (Qc), and Schmidt Hammer (Sch) were considered as the model's input data and the production rate as the output data. According to the final results, the proposed model had the highest efficiency in anticipating the production rate of a chain saw machine (Mohammadi et al., 2018). The RBF neural network is one of the most widely used neural networks which has a high convergence speed compared to multilayered networks and conducts many searches in different technical-engineering areas. RBF is a type of feedforward network and creating the most optimal mapping between the input and output vectors is the most common objective of this network (Er et al., 2002; Strumiłło et al., 2003) . In terms of layers' structures, it is similar to the perceptron neural network and is composed of three layers, including the input layer, the hidden layer and the output layer, respectively. The hidden layer is responsible for creating mapping between the input and output data. The input and output layers are responsible for the entry and exit of data, respectively, and finally, the output data of a simple weight set is linear. In addition, one of the most important differences between the RBF and perceptron neural network is the number of layers, i.e. the number of layers in the perceptron neural network can be three or more, but in the RBF it is just three. The argument of functions is in the Euclidean distance, while in the perceptron neural network, it is the product of internal multiplication of the input vector of layer by the weights (Yingwei et al., 1998 ; Karayiannis & Behnke 2018; Mirjalili 2019). One of the reasons for such popularity and capability in this network is the fact that due to having a high enough number of neurons in the hidden layer, it can estimate each continuous function with any degree of precision. Figure 4 shows the basic architecture of this network.
Given the high optimum capability of the RBF neural network in facing with complicated problems, in this study this technique is used for investigating the effect of different coolant and lubricant fluids on the performance of a machine and the consumed electrical current, and also for providing models for predicting the electri- cal current consumed by the cutting machine. To ensure the efficacy of the algorithm in this study, three performance indices of the root mean square error (RMSE), value account for (VAF) and correlation coefficient (R 2 ) are used according to equations 8 to 10.
Where, x i and y i are the measured and predicted values of output data, respectively and n is the number of data sets. In order to achieve the highest desirability in the neural network computations, the performance indices must be at their highest points, i.e. 1, 100 and 0 for R 2 , VAF and RMSE, respectively.
Modelling Using RBF
As mentioned before, the RBF neural network is one of the most efficient and desirable intelligent methods in modeling industrial and scientific phenomena. Therefore, in this section, various neural models are used for determining the most appropriate model for the anticipation of the maximum electrical current consumed by the cutting machine for hard rocks under the three different fluids. For modelling, firstly, the RBF control parameters are determined. These control parameters play a significant role in the convergence speed and improvement of the algorithm's performance. Two important control parameters in the RBF neural networks include the number of hidden layer neurons and spread and these hidden layer neurons are responsible for connecting and deter-mining the performance of functions in the hidden layer, and spread is the controller of dispersion in functions. In order to determine these control parameters exactly, trial and error must be done. Therefore, based on the opinions of experts and professionals in the area of soft computing and considering the input data, the number of neurons in the hidden layers is considered to be 90, 100 and 110 and the respected values are 0.5, 1 and 1.5, respectively. The input and output data are used based on Looney's research studies as 0.75% for training data and the rest for the test data (Looney 1996) . Modellings for the experimental results are done based on the three desired fluids and 9 models for each fluid and a total of 27 models are simulated, respectively. Tables 5 to 7 show Figure 5: The correlation between the measured and anticipated electrical current for the three models using RBF the conducted simulations for the soap water with a ratio of 1 to 40, soap water with a ratio of 1 to 20, and lubricant and coolant powder, respectively. After the modelling based on the experimental results obtained under three different fluids, the simulated models are rated according to the simple rating method to determine the best simulated model for each of the desired fluids (Zorlu et al., 2008) . The obtained results are provided in Tables 8 to 10 .
According to Tables 8 to 10 and based on the results obtained from the simulated models, model 8 with a rating of 54 has the best simulation of the maximum consumed electrical current in accordance with the results of the cutting machine with the soap water fluid with a ratio of 1 to 40. Additionally, model 8 with a rating of 54 has the best anticipation and simulation performance for the maximum consumed electrical current based on the results of the cutting machine with the soap water fluid with a ratio of 1 to 20 and lubricant and coolant powder.
It is worth mentioning that according to the results obtained from the analyses and simulations conducted in this study, it is obvious that in the most optimal and desired models for anticipating the maximum electrical current consumed by the cutting machine, spread is equal to 1.5 and the number of neurons in the hidden network is equal to 100 for the results obtained using all of the three fluids used in the experiment. Furthermore, generally it can be said that most models with 90 neurons have minimum performance.
In the final step, by determining a structure similar to the RBF artificial neural network for the three fluids, once more data was randomly and separately evaluated for each fluid. The results obtained for each of the models are provided in Table 11 and Figure 5 for each fluid.
According to the results of Table 11 , it is clear that the structure of the RBF neural network is very optimal and appropriate for the experimental data analysis based on three different fluids, and the neural network's performance indices in each of the three models have acceptable and proper values. According to Figure 5 , it is worth noting that the proposed model showed the highest reduction in the maximum electrical current consumed by the cutting machine under the lubricant and coolant powder compared to the other two fluids. Furthermore, the soap water fluids with ratios of 1 to 40 and 20 had the highest reduction in the consumed electrical current, respectively.
Discussions and Conclusions
• Nowadays, with the growth of the construction industry and a significant increase in housing demand, dimension stones play a significant role in this industry as one of the most important construction materials. Therefore, investors in the sectors of quarries and stone processing factories look for ways to increase the efficiency and quality of the produced products. Therefore, the appropriate identification and understanding of the production process and cutting process of dimension stones are the most influential factors in economic efficiency and the reduction and optimization of the maximum electrical current consumed by the cutting machines. One of the influential factors in the reduction of the maximum electrical current consumed by the cutting machines is the correct selection and application of the coolant and the lubricant fluids. Thus, in this study by reviewing three different fluids, the machine's cutting process and the effect of each of these fluids on the consumed electrical current are investigated and measured. In order to conduct laboratory experiments, 10 granite stone samples were collected from Iranian quarries and after preparation of the samples, 160 tests were conducted for each fluid and a total of 480 laboratory tests were done for the three fluids. According to the conducted tests, 4 important and influential physical and mechanical parameters of stones included the uniaxial compressive strength, Mohs hardness, Schimazek's F-abrasiveness factors and Young modulus, and the maximum consumed electrical current were determined and measured based on the machine's two different operational parameters, including Fr and Dc. In the final step, the results measured based on the analytical and statistical methods and also the RBF neural network as one of the most practical intelligent methods were evaluated and analyzed. The results obtained from this study can be explained and the required suggestions are provided as follows: • According to the outputs of the regression method, the multivariate linear regression method as one of the most practical analytical and statistical methods had a high ability in analyzing the data obtained from each test. The results of the multivariate linear regression method show the superiority of the lubricant and coolant powder over the other two fluids for reducing the electrical current consumed by the cutting machine. • In another analysis by the RBF neural networks, it was determined that this kind of network had a very optimal efficiency in providing an optimal model for predicting the maximum consumed electrical current and the analysis of results. In addition, the lubricant and coolant powder and two types of soap water with ratios of 1 to 40 and 1 to 20 had the highest effect on the reduction of the maximum consumed electrical current, respectively. • Consequently, it can be concluded that based upon the obtained results and the properties of the coolant and lubricant fluids, the viscosity of fluids plays a key role in reducing the electrical current consumed. The lubricant and coolant powder as the
